Treatment plane:
Patient were treated by an induction regimen 3+7 regimen consisting of continuous infusion of cytarabine (25mg/m 2 ) daily for 7 consecutive days combined with 3 days of doxorubicin (30mg/m 2 ).Patients > 60 years was treated by 2+14 (cytarabine 10mg/m 2 /12 hoursdaily for 14 days combined with 2 days of doxorubicin 25mg/m 2 ) vs low dose cytarabine 10 mg/m 2 /12 hours for 14 days.
Patients follow up:
CBC and BM aspirate were performed on day 28 after receiving induction therapy to evaluate the remission state. CR was defined as normocellular BM containing less than 5% blast cells and peripheral blood with at least 1X10 9 /L neutrophils and ≥100X10 9 /L platelets. Remission failure was classified as either partial remission (PR: defined as 5-15% blast cells or <5% blasts but with hypocellular BM), Resistant disease (RD: defined as > 15% blasts in BM), or induction death (ID: defined as related to treatment or hypoplasia).Patients were followed up for three yearsto evaluate OS.
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Specimen collection: 1-10ml of venous blood was aseptically withdrawn from each patient by venipuncture and divided as follows: 1 ml was delivered into Sterile EDTA vacutainer for CBC, 2 ml was delivered into sterile sodium citrate vacutainer for PT & APTT, 3 ml was delivered into sterile plain vacutainer& left to clot at 37˚c & centrifuged at 3000 rpm then serum was tested for liver , kidney function tests & LDH, 2 ml was delivered into EDTA vacutainer for ESR. 2ml was used directly for RNA extraction.2-5 ml of bone marrow was aspirated & the sample was divided as follows: bone marrow smears, 1ml was delivered into EDTA vacutainer for Immunophenotyping by flowcytometry, 2 ml was delivered into lithium heparin vacutainer for cytogenetic analysis, 2 ml was delivered into EDTA vacutainer for RNA extraction.
Methods:-
Specific laboratory investigations including: BAALC mRNA expression: was done using quantitative real time PCR including the following steps:1-RNA extraction: RNA was extracted from whole blood by RNA extraction kit.2-cDNA synthesize: single stranded cDNA was synthesized from total RNA using the High Capacity cDNA Reverse Transcription Kits.3-Real time PCR amplification.
Molecular detection of BAALC RNA gene expression:
RNA extraction from whole blood: RNA was purified from anticoagulated bone marrow sample using the PureLink RNA Mini Kit (Life technologies,USA).
Pure Link procedure:
The following protocol was used to purify total RNA from 0.2 mLfresh whole blood: 1. 200 µl of whole blood sample was placed to a 1.5 mL sterile eppendorf. 2. 200 µl of Lysis Buffer prepared with 2-mercaptoethanol was added. 3. The eppendorf was vortexed thoroughly, then centrifuged at 12,000 ×g for 2 minutes at room temperature. 4. The supernatant was transferred to a clean 1.5 mL sterile eppendorf. 5. 200 μl 100% ethanol was added to the microcentrifuge tube. Any precipitate was dispersed by vortexing or pipetting up and down several times. 6. The sample was transferred (including any remaining precipitate) to the Spin Cartridge (with a Collection Tube) and centrifuged at 12,000 × g for 15 seconds at room temperature. The flow-through was discarded. 7. 700 μL Wash Buffer I was added to the Spin Cartridge and centrifuged at 12,000 ×g for 15 seconds at room temperature. The flow-through and the collection tube were discarded. The Spin Cartridge was placed into a new collection tube. 8. 500 μl Wash Buffer II with ethanol was added to the spin cartridge. 9. It was centrifuged at 12,000 ×g for 15 seconds at room temperature. The flow-through was discarded, and the Spin Cartridge was reinserted in the same Collection Tube. 10. Steps 8-9 were repeated once . 11. The Spin Cartridge was centrifuged at 12,000 ×g for 1 minute at room temperature to dry the membrane with attached RNA. The collection tube was discarded and the spin cartridge was inserted into a recovery tube. 12. 30 μLRNase-Free Water was added to the center of the spin cartridge. 13. It was incubated at room temperature for 1 minute. 14. The Spin Cartridge and Recovery Tube was centrifuged for2 minutes at ≥12,000 × g at room temperature. 15. Purified RNA was then reverse transcribed cDNA.
RT-PCR of total RNA to cDNA: Using the High Capacity cDNA Reverse Transcription Kits:To synthesize single-stranded cDNA from total RNA using the High Capacity cDNA Reverse Transcription Kits: The 2✕ Reverse Transcription Master Mix was prepared per 20 µl reaction: The kit components were allowed to thaw on ice.2-2✕ RT master mix was placed on ice and mix gently.3-The cDNA Reverse Transcription Reactions were prepared as follows:i. 10 μL of 2✕ RT master mix was pipetted into each well of a 96-well reaction plate or individual tube.ii. 10μL of RNA sample was pipetted into each well, 844 pipetting up and down two times to mix. iii. The plate was sealed.iv. Briefly the plate was centrifuged to spin down the contents and to eliminate any air bubbles.v.The plate was placed on ice until the thermal cycler is ready to be loaded Performing Reverse Transcription: The thermal cycler conditions using Veriti thermal cycler (Applied biosystems, Japan) were programed;
Step 1 Step 2 Step 3 Step 4 The fluorescent dye in the master mix intercalates into the amplification product during the PCR process and enables the rapid analysis of target DNA.
The reaction mix was prepared and the plate was loaded:The reagents were thawed and mixed. The number of reactions were calculated: The PCR reaction mix was prepared The plate was loaded:
The real-time pcr reaction was run using stratagene mx3005p qpcr system. QPCR measures PCR product accumulation during the exponential phase of the reaction and before amplification becomes vulnerable to limiting reagents and cycling variability. Fluorescent qPCR data provides accurate information on initial starting copy number.
Using qPCR, amplification and detection are combined in a single step and in a single closed tube. This eliminates the need for numerous post-qPCR manual steps, and reduces the possibility of introducing variability or laboratory contamination.
The Mx3005P system has an open format that allows closed-tube real-time PCR detection with many chemistries including SYBR Green dye and fluorogenic probe systems, detecting up to five different dyes simultaneously.
Interpretation of results
The transcription levels of target genes were normalized to those of B-actin which used as reference gene to account for the variability in the amount of cDNA in each sample. 1. Cycle Threshold (CT) value for each reaction was obtained. 2. The delta CT was calculated by subtraction of CT values for the reference gene (B-actin) form CT values of the gene of interest (BAALC gene).
ΔCT = CT target -CT reference
The delta-delta CT for each patient was calculated by subtraction of the average of control ΔCT from the patient ΔCT.
ΔΔCT = ΔCT sample -Average ΔCT control
The fold change for gene expression in the sample relatively to the control was calculated by the negative value of the delta-delta CT subtraction (-ΔΔCT) becomes the exponent of 2.
R = 2 -ΔΔCT (Livak&Schmittgen, 2001)
The expression of target genes was presented as fold change of gene expression relative to control.Samples were considered positive for BAALC expression if their expression level was one log higher than the mean level of expression reported for the control group hence mean level for control was 1 so samples have expression level more than 2 were considered positive (spanaki,et al 2007).
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The Ct or threshold cycle value is the cycle number at which the fluorescence generated within a reaction crosses the fluorescence threshold, a fluorescent signal significantly above the background fluorescence. At the threshold cycle, a detectable amount of amplicon product has been generated during the early exponential phase of the reaction. The threshold cycle is inversely proportional to the original relative expression level of the gene of interest.
Statistical Analysis:-
The following statistical methods were used for analysis of results of the present study. Data were checked, entered and analyzed using SPSS version 22 (SPSS Inc., Chicago, IL) used in Windows 8 for data processing and statistic.All data were expressed as in terms of mean ± SD. Chi Square test and Fischer exact tests were used as tests of significance. Log Rank test was used to assess survival.Significance was adopted at p< 0.05. This table shows that, there was a statistical significant association between survival and gum hypertrophy i.e, patients with gum hypertrophy carry the risk to die 2.2 more than those with no gum hypertrophy. There was also statistical significant association between survival and cytogenetics i.e, patients with abnormal cytogenetics carry less risk 0.45 to die than those with normal cytogenetics. This table showed that mean survival time for patients with low BAALC (123.1±4.9) was longer than patients with high BAALC (45.85±5.1) which was highly statistically significant (log rank test= 31.20, P=0.000). This table shows that mean survival time for patients who achieve complete remission (121.1±4.9) was longer than those who not achieve CR (34.2±2.8) and this difference was statistically highly significant (log rank test=62.62, p=0.000). However, in a study of Schwind et al.,( 2010), they found that older patients with favorable molecular risk factors, such as low BAALC if treated more intensively, might have outcomes comparable with those of younger patients with corresponding molecular features.
Results:-
As regard age, Rashed et al.,( 2015) disagree with our study as they found a significant correlation between high BAALC gene expression and age. High BAALC expressers were included more in the group of patients more than 45 years. So increasing sample size with more age variation may confirm or exclude such correlation. When the patients were categorized according to FAB classification. The most frequent wsas M5 (37.5%), followed by M4 (32.1%), then M2 (26.8%) and finally M1 (3.6%) but this disagree with Rashed et al., 2015 as it was found that those with M0 (16%), M1 (40%), M2(32%),M4 and M5 (2%).
It was proved that BAALC expression is restricted to CD34+ hematopoietic progenitor cells by immunohistochemistry, proving the granular cytoplasmic localization of the protein. BAALC is to be considered as a marker for lineage-committed and uncommitted hematopoietic progenitor cells (Rashed et al., 2015) .
From the former data, it could be concluded that BAALC belongs to M0, M1, M2 FAB subtypes and less expressed in more differentiated subtypes of AML and may confirm partially the physiological expression of BAALC in CD34+ cells.
Zhou et al., (2015)
has observed a significant difference of BAALC overexpression among AML subtypes of M0/M1/M2/M3. Thelow differentiated subtypes (M0/M1/M2) had a significantly higher frequency of BAALC 852 overexpression than the highly differentiated subtype (M3). Nolte et al. 2013 observed a trend toward a lower BAALC expression in M3 samples as compared to healthy controls.
Our patients were classified according to cytogenetics into 39 patients with normal cytogenetics and 17 patients with abnormal cytogenetics. According to cytogenetic risk; 11 patients were with favorable risk, 42 patients with intermediate risk and 3 patients with adverse risk.
According to karyotype classification, the frequency of BAALC overexpression in patients with intermediate (42/70, 60 %) and poor karyotypes (9/11, 82 %) was significantly higher than that in patients with favorable karyotype (13/34, 38 %).
In agreement with Zhou et al., (2015), the frequency of BAALC overexpression was higher in normal cytogenetic risk group and lower in the other two groups. They analyzed the clinical relevance of BAALC overexpression in Chinese de novo AML patients. Their results revealed that BAALC was upregulated in AML with a high frequency and high BAALC expression was a promising biomarker for discriminating AML, especially CN-AML from normal controls. . Therefore, identifying prognostic biomarkers that can more precisely predict patient outcome is essential for development of molecular risk-adapted treatment strategies that may improve the clinical outcome of AML.
In our study, CN-AML patients had lower (Hb level, PLT count) and higher (TLC, blast cell count and LDH level) which were statistically significant in comparison with the other both groups. It was revealed that median of BAALC was 3.21 in CN-AML patients and it was statistically significant compared to other both groups. This current finding was in agreement with Zhou et al., (2015) who reported that median of BAALC was 3.74.
As regard the diagnostic performance criteria for BAALC gene expression, at the cut off value >2.11, the sensitivity and the specificity were 86.1 and 80%, respectively. Zhou et al., (2015) revealed that at cutoff value more than 2.35, the sensitivity and the specificity were 55 and 100 %, respectively.
According to the cutoff value of 2.11, AML patients were divided into two groups: low BAALC expression (≤ 2.11) and high BAALC expression (> 2.11).
As regard age, there was no significant difference between BAALC low expressed and high expressed patients which was in agreement with Solimanet al., . This discrepancy could be owedto the differences in ethnics and in AML subtype distribution.
As regard clinical data: gum hyperplasia, bleeding and purpuric eruptions were significantly associated with high BAALC expression. The early presenting symptom in AML patients mainly the monocytic subtypes is gingival hyperplasia due to gum infiltration by blast cells. So, it was demonstrated that this differentiation of AML cells depends on KLF4 induction, which is one of the other interacting partners of BAALC. In addition, it was shown that BAALC inhibits the nuclear localization of KLF4 by interacting with KLF4 in cytoplasm. It was reported that cytoplasmic sequestration of KLF4 confers oncogenic potential. Therefore, targeting KLF4 would be a rational choice for overcoming treatment-resistant BAALC-high AML (Morita et al., 2015).
To investigate the prognostic impact of BAALC expression in AML, survival analysis was performed in de novo AML patients with follow up data. It was found thatpatient with low BAALC expression achieve CR in comparison to patients with high BAALC, this was in agreement with (Elsharnouby et al.,2010) whofound that frequency of CR was higher and the relapse rate was significantly lower in patients with low BAALC expression than in patients with high expression. Also, patients with low BAALC expression had a significantly better clinical outcome than high expressors.
Using Kaplan-Meier,it was found that patients with high BAALC expression had significantly shorter overall survival than those with low BAALC expression (45 vs 123 weeks respectively) and this was in agreement with (Zhou et al., 2015).
In agreement with our study ( higher BAALC expression is associated with higher relapse rate and other factors as the multidrug resistance gene ABCB1 (MDR1) were identified as highly up-regulated genes in high BAALC expressers, which is consistent with the resistant disease associated with these patients.
Adenosine triphosphate (ATP)-binding cassette sub-family B member (ABCB1), also known as multidrug resistance 1 (MDR1), is an ATP-dependent transporter that is responsible for inhibiting the accumulation of chemotherapy drugs in multidrug resistant cells (Gillet and Gottesman 2010).It was shown that BAALC gene expression has a positive association with increased expression levels of ABCB1 in AML drug resistance. Additionally, the association of high mRNA expression levels of BAALC with increased levels of ABCB1 contributes to an increased risk of relapse in AML patients, as well as to a decreased rate of complete remission and worse overall survival rate in these patients (Guo et al., 2014).
(Xu et al., 2012) demonstrated that BAALC silencing resulted in decreased proliferation and enhanced apoptosis in leukemic cells. Knockdown of BAALC expression in KG1a cells resulted in significant inhibition of cell proliferation. Enhanced apoptosis was also observed in the BAALC knockdown cells. The results indicate that BAALC expression contributed to the development of KG1a cells by a possible pathway of enhancing cell proliferation, inhibiting apoptosis. This provides evidence supporting the role of BAALC as an oncogene. It was shown that high levels of BAALC mRNA are related to higher proliferation of bone marrow blasts leading to higher peripheral white blood cell counts and an inferior clinical outcome.
However, (Heuser et al., 2012) , identified that constitutive activation of BAALC did not promote proliferation or survival of HSC, but blocked myeloid differentiation and promoted leukemogenesis when combined with the self-854 renewal promoting oncogene HoxA9. These results indicate that BAALC up-regulation may block myeloid differentiation at a particular stage and additional genetic alterations have to be acquired for the full-blown leukemia.
In conclusion, BAALC gene expression is increased in AML patients. High BAALC is associated with lower rates of CR and increase risk of relapse. It is a specific significant molecular marker in disease progression, response to treatment and survival. It might be of a potential use as target molecules in therapy.
In conclusion:-BAALC gene mRNA was significantly expressed in bone marrow cells of de novo AML cases at diagnosis and before start of any chemotherapeutic regimen while very low and undetectable expression was found among healthy persons.
This result is going with the hypothesis that the BAALC gene can be used in the monitoring of MRD which would add to the disease follow up .Also the high expression of BAALC gene among de novo AML cases but not in normal cells of healthy persons suggests it as potential candidates for AML immunotherapy.
BAALC gene expression was higher among AML patients not achieving complete remission. These results are denoting association between BAALC gene and poor outcome in AML.
